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Restructuring 
Biology at IMSA
meghana karan
IMSA markets itself as a “teaching and learning laboratory.” 
Last year, students saw the teaching and learning laboratory 
being put into effect. As sophomores were comparing sched-
ules at the beginning of the 2017-18 school year, students 
were confused to see that some of their peers had Scientific 
Inquiries - Biology on their schedule while others did not. 
The students that were not in SI Bio were put into Advanced 
Biological Systems (ABS), a year-long biology course during 
their junior year. 
As juniors are in the middle of their second semester in ABS, 
there have been a wide range of opinions. Some students like 
Sophie Pribus (‘20) have been enthusiastic about the course 
saying that she “loves the advanced stuff because it’s the 
most interesting part about biology.” She also says that ABS is 
“very human-based” which is why she loves it so much. Oth-
er students like Grace Federici (‘20) have expressed a strong 
dislike for the course saying “the pacing is off and there is 
little to no connection between the different units.” 
We interviewed Dr. Don Dosch about the thought and rea-
soning behind the implementation of ABS. The following in-
terview has been edited for clarity. 
Q: What was the reasoning behind implementing a year-long 
biology course?
A: “There were things that were disappointing to the biol-
ogy team about SI Bio. The first thing was the short time 
frame. We weren’t able to incorporate enough lab time into 
this short time frame. If we were going to have a good biol-
ogy course, there had more lab work. Another thing that we 
needed to change was SI Bio’s fourteen-year old curriculum. 
Biology has changed dramatically over those years, and we 
felt that it was important that we reenvision what a biology 
course was at IMSA. We changed the curriculum to be more 
current.”
Q: There are always a lot of complaints about SI Bio being re-
ally hard, was the difficulty another reason why the biology 
team decided to make it a year-long course?
A: “I wouldn’t say that was one of the main reasons, but we 
definitely considered that. Sophomore year can be a tough 
transition, and we acknowledge that most of the incoming 
sophomores have taken a biology course. We aimed to en-
rich and advance the students’ knowledge in biology, which 
is why SI Bio was difficult at times. However, we were not 
going to tame it down by any means.”
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Q: Why was SI Bio implemented in the first 
place when there was already a pre-existing 
year-long biology course, University Biology?
A: “I was there when there was Universi-
ty Biology and when we changed to SI Bio. 
There was a movement in 1990s to the early 
2000s in the science department to be more 
integrative with their teachers. So, for exam-
ple, I would teach all disciplines (chemistry, 
physics, biology). This was really good and 
fulfilling but teaching out of one’s comfort 
zone was very hard, and we started to realize 
that it just wasn’t feasible any more. When we 
were changing it, we got caught up in the idea 
of electives so we really trimmed down to the 
core biology concepts for SI Bio. University 
Biology was very different from the courses 
we have now. There was a lot of evolutionary 
biology and some cell biology. We also spent 
a lot of time talking about details that were in-
teresting to teachers but maybe not essential 
for the students. ABS is not about the small 
details, but it’s more about learning core con-
cepts and applying that to larger ideas in bi-
ology.”
Q: I know a lot of students are comparing the 
ABS curriculum to the Advanced Placement 
Biology test. Is there any correlation between 
the two?
A: “Not at all. The AP Biology is the curricu-
lum that is approved by the College Board, 
while ABS has more flexibility. Going strictly 
off of the AP Biology curriculum would not 
satisfy the learning wants of IMSA students. 
It would be a disservice.”
Q: Another concern that students have 
brought up is the fact that ABS is taken during 
their junior year, which does not allow for 
students to take as many electives as they 
would like.
A: “I understand that concern. However, as a 
"We were not going 
to tame it down by 
any means."
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faculty member at a math and science acade-
my, I support the idea of students getting re-
ally good education in science. The problem 
with a school that is so focused on electives is 
that a student can do really bad in let’s say SI 
Physics and never take another physics class 
at IMSA ever. They will only take courses 
they want to take. I think that’s okay because 
I teach the electives to people who are really 
interested in the topics. However, I think that 
what we should be doing is to support every 
student’s education in good foundational sci-
ence in all disciplines.”
Q: What were the challenges that were faced 
when creating the course? And what was the 
timeline of creating the course?
A: “The course was in discussion for about 
three years, and enough people in the science 
team were supportive to move forward with 
it. We had some time to develop the curricu-
lum, but curriculum is a living thing. You can 
walk in with your best plans, but if students 
react one way or another, you must adjust. 
There have been some problems with pac-
ing because there are some very slow spots 
and very fast spots. There can also be some 
missing connections between different units. 
I think with more experience the curriculum 
will change and adjust to fit the needs of the 
students.”
Q: Where do you see the future of ABS?
A: “I have two answers to this question. The 
first being, I really do not know what will hap-
pen. We have a research team on campus and 
they are looking at the differences in how the 
students learn in SI Bio versus ABS. My sec-
ond answer has to do with what I would like 
to see happen. I believe that this is the second 
best thing that I have done in my twenty-sev-
en years at IMSA. ABS is problem-focused 
and purposeful. If students see relevance to 
education and application of these concepts, 
I think that is the best thing that a teacher can 
do.”
"Problem-focused
& purposeful"
February: the month dedicated to celebrating 
black history. There are so many inventions 
and scientific discoveries made by black peo-
ple that are so relevant in our modern world 
even though many people overlook who made 
them, so the Hadron team at IMSA wanted to 
recognize a few. 
For starters, who doesn’t love food? There are 
so many black engineers that innovated in or-
der to get food to your table. George Washing-
ton Carver invented many different uses for 
peanuts and other vegetables, such as plant 
dyes that could be used for clothes. In order 
to well preserve perishable foods, Thomas 
Elkins designed and patented a refrigeration 
apparatus in 1879. Following, in 1889, John 
Standard patented an oil stove to keep food 
hot or cold, and in 1891, he patented an im-
proved refrigerator. Later in 1897, Alfred L. 
Cralle made it easier for us to serve dessert by 
patenting the ice cream scoop. Without Fred-
erick McKinley Jones, it would be much more 
difficult to transport food, for he designed the 
first portable air-cooling unit allowing trucks 
to carry perishable food around 1938.
There are many influential black scientists 
in fields like medicine, mathematics, astron-
omy, and more. For example, Otis Boykin in-
vented a control unit for the pacemaker while 
having his own heart problems. He later died 
at 62 years old due to heart failure. Addition-
ally, Percy Julian obtained his Ph.D. after not 
being allowed to attend high school. He was 
one of the first people to make medicines 
(such as cortisone, steroids, and birth control 
pills) through synthesis of chemicals. In 1981, 
Patricia Bath invented the Laserphaco Probe, 
an invention that uses lasers to remove cat-
aracts. Another researcher was Katherine G. 
Johnson, who performed many complex cal-
culations which allowed humans to success-
fully go to space. Later in 2016, a movie was 
made about her and her team, called Hidden 
Figures.
There are many more inventions made by 
black people to be mentioned - clothes dry-
ers, dust pans, modern traffic lights, folding 
chairs, ultraviolet cameras, potato chips, 
and modern toilets - but there is simply not 
enough room on the page. While creating 
these inventions, we should realize that many 
black people have struggled in their fields due 
to persecution of race, but at the same time, 
many have succeeded, rising above the ex-
pectations of others. This is why we celebrate 
black history month: to recognize those who 
have worked hard to achieve what they have, 
and realize the struggles they have faced, in 
order to keep moving forward together.
alana depaz
Science in Black History
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Prevention of 
Coccidiosis in 
Poultry
hiteshi patel
For much of the population, chicken is an essential 
part of their daily diet. However, just like humans, 
those chickens can get diseases which can, in turn, 
affect your food through a process known as zoo-
nosis. Hence, action must be taken to prevent this 
and there is currently much speculation on the ef-
fectiveness of such treatments. The protozoa called 
Coccidia have the capability to multiply in the cell 
lining of the poultry, most commonly found in the 
intestine. Coccinda belongs to the Eimeria genus, 
one that is resistant to cross-immunity. Eime-
ria’s effects can be observed in two phases. First, 
during schizogony and gamogony, the parasite ex-
cretes oocysts into the faeces. Second, the oocyte 
undergoes sporulation under warm temperatures 
which results in the oocyst becoming infective. 
This is an irreversible chain that must be stopped 
at the source. Hence, it is imperative prevention 
steps be taken; this can be done in different ways. 
The most common method is to use anticoccidial 
drugs, like sulphonamides, amprolium, and tol-
trazuril, that work by administering the proper 
amounts of sulphaquinoxaline into the feed. How-
ever, because most strains developed resistance to 
the drugs and because of the poultry's susceptibil-
ity to ionophore, a new solution had to be created, 
vaccines. They are moderately effective, since they 
restore sensitivity to ionophores such as monen-
sin and salinomycin, yet they have negative side 
effects. Thus, every solution has pros and cons 
that are currently being synthesised to create one 
treatment method that will include vaccination 
and drug distribution as well as chemotherapy if a 
certain case requires it. 
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Prevention of 
Coccidiosis in 
Poultry
why bitcoin is bad for 
the environment
The popularity and accessibility of virtu-
al currencies has skyrocketed over the past 
ten years.  Bitcoin, one particularly popular 
cryptocurrency, skyrocketed in price per unit 
of account (per bitcoin) in late 2017 to near-
ly $20,000 before plummeting again.  While 
bitcoin values dropped, however, the amount 
of energy used to mine bitcoins continued to 
increase.  Bitcoin works in a blockchain; indi-
vidual ‘miners’ try to guess, or ‘hash’, the right 
32-bit number in order to create a block in the 
chain.  Because it is difficult to find these num-
bers, miners must ‘hash’ the number many 
times until their number is correct.  Typically, 
miners use large and powerful computers to 
hash out numbers quickly.  Due to their large 
processing power, these computers consume 
large amounts of energy.  Estimates place the 
amount of energy consumed annually to pow-
er bitcoin mining anywhere between 8.3 to 44 
terawatts per hour.  This estimate--which does 
not consider the amount of electricity used to 
cool bitcoin mining computers--is equivalent 
to or greater than the energy consumption of 
entire countries.
This rate of energy consumption results in 
a drastic increase of carbon dioxide emitted 
into the atmosphere.  Researchers in Hawaii 
predicted that if Bitcoin production continued 
at the same rate, hashing alone could raise 
average global temperature by two degrees 
celsius by 2030.  While bitcoin mining profit 
margins decrease as more computing power 
is assembled, it is wholly unlikely that energy 
consumption to mine Bitcoin will plateau any 
time in the near future.  More promising de-
velopments, however, keep the possibility of 
improving Bitcoin energy consumption with-
in reach as energy production becomes more 
efficient and ecologically-friendly and alter-
native methods to hashing Bitcoin become 
more mainstream.
zoe berthold
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Prime numbers are numbers greater than 
one which cannot be produced by multi-
plying two smaller natural numbers.  That 
is, a natural number is considered prime 
if it has exactly two factors--one and itself. 
Three, for instance, is a prime number, 
as well as five, seven, eleven, and 9697. 
‘Composite’ numbers are natural numbers 
which are not prime; four, for instance, 
has two pairs of factors: one and four, and 
two and two.
Finding a composite number is relative-
ly simple; I can, for instance, choose any 
even number greater than two and be sure 
it is prime, or any natural number great-
er than five ending in zero or five.  While 
this is all well and good, however, I cannot 
create a function which will define every 
composite number; I could certainly cre-
ate functions whose range is contained in 
the set of all composite numbers (think of 
the composite numbers as the ‘codomain’ 
of any function you may use to create com-
posite numbers) but their range would 
never encompass all composite numbers. 
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Uncovering
 the Twin 
Prime 
Conjecture
madhav parthasarathy
edited by matthew niemiro
There exists 
infinitely many pairs 
of primes with a 
difference of an integer 
value less than seventy 
million.
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The number 9, for instance, does not fall 
in either of the two categories as an even 
number or a positive multiple of five which 
we mentioned previously.
With no complete understanding of the 
frequency of composite numbers, we have 
a considerably incomplete understanding 
of the frequency of prime numbers.  Re-
visiting the first few prime numbers 2, 3, 
5, 7, 11, 13, 17, 19… it may strike someone 
that these numbers are even less predict-
able than their composite cousins; aside 
from almost all of the prime numbers be-
ing odd, there is no obvious set of predict-
able numbers that are contained in the set 
of primes (such as the set of all even num-
bers was contained in the composite num-
bers, with the exception of 2), let alone any 
hint toward their behaviour as a whole.  At 
least, it appears that way.
In the late 19th century, the frequency of 
prime numbers had been partially demys-
tified.  On the intuitive notion that prime 
numbers in a set become less common 
as that set grows to include larger natu-
ral numbers, the Prime Number Theo-
rem (PNT) was developed to describe the 
asymptotic distribution of primes among 
the natural numbers.  The theorem states 
that π(n) ≈ n/ln(n), where π is a function 
which counts the number of primes be-
tween 1 and n, inclusive.  In words, this 
allows for a reasonable estimate on the 
number of primes between 1 and n.  To 
demonstrate, you will find that 100/ln(100) 
is approximately 25, the exact number of 
primes between 1 and 100.   
With a better understanding of the be-
haviour of primes, progress could be made 
toward proving the twin prime conjecture, 
which states that there are infinitely many 
‘twin primes’ (pairs of primes differing 
by 2).  Some claim that the possibility of 
infinitely many primes having the same 
difference was conjectured by minds as 
old as Euclid.  To this day, the twin prime 
conjecture remains unproven; however, 
considerable work has been done in prov-
ing that the distance between certain pairs 
of prime numbers is bounded.  In 2013, 
American mathematician Yitang Zhang 
announced a proof that there exist in-
finitely many pairs of primes with a differ-
ence of an integer value less than seventy 
million.  Formally, he had proven that for 
some positive integer N less than seventy 
million, there exist infinitely many pairs of 
primes which differ by N.  Later that year, 
a Polymath Project effort managed to low-
er the upper bound of seventy million to 
4680, with sustained efforts eventually get-
ting it down to 246.  It is even possible, as-
suming the Elliott-Halberstam conjecture 
(a conjecture on the distribution of primes 
in arithmetic progressions, the proof of 
which is left as an exercise to the reader), 
to further decrease the upper bound to 6. 
The twin prime conjecture still remains 
unsolved, however, and the lower bound 
awaits optimization to its lowest possible 
value: 2. 
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Nucleosome Influenced 
DNA Cleavage: Cas9 vs. ZFN
Researchers from the University of Utah ana-
lyzed the effectiveness of the highly popular 
CRISPR-Cas9 endonuclease and compared 
the tool against zinc-finger nuclease (ZFN). 
The premise of this experiment was built 
upon the strength of the cleaving of zone 
targets within a nucleosome. CRISPR-Cas9 
is widely regarded as the best way to go 
about genome editing, but it is not without 
fault. Cas9 falls short when it comes to sev-
ering DNA in the presence of nucleosomes, 
the cut is weak compared to the severances 
made without their presence. The scientists 
further compared this shortcoming with the 
effectiveness of a lesser used nuclease, ZFN, 
and found that there was no major difference 
in the quality of its cleavage whether or not 
a nucleosome was present. The imbalance in 
these nucleases ability to cleave is hypothe-
sized to be due to the environments they are 
commonly found—Cas9 is derived from bac-
teria, therefore encountering a nucleosome 
would be next to impossible and ZFN, on the 
other hand, developed in terms of chromatin 
as it is found with clusters of transcription 
factors.
To develop this experiment, researchers 
used the Saccharomyces cerevisiae (yeast) 
promoters HO and PHO5, with and without 
nucleosomes, and then utilised Cas9 and 
ZFN to split their DNA. Regarding the HO 
promoter as having depleted nucleosomes, 
it was found that cleavage was whole and ef-
fective, the opposite was true for sites with 
nucleosomes present. To remove the nu-
cleosomes, the researchers employed Reb1 
binding protein—this introduction of Reb1 
improved DNA cleavage. After studying the 
HO promoter, PHO5 was analyzed. PHO5 is 
a promoter in which nucleosome expulsion 
is due to the activation of the Pho4 protein. 
This protein is unrepressed in conditions low 
in phosphate, allowing it to remove up to the 
second or third upstream nucleosomes. Cas9 
cleavage proved to be most effective in condi-
tions of low phosphate—again, these results 
show that Cas9 is only successful without 
nucleosomes. To examine ZFN induced sev-
erance, the ry (Drosophilia rosy) gene was 
used to substitute for a section in the PHO5 
promoter and 2 sites within HO. The ZFN 
cleaved faster and more effectively than Cas9 
in the HO portion and ZFN also performed 
well in high phosphate conditions for the 
PHO5 trial. In all, ZFN showed to be the su-
perior to Cas9 in nucleosome-heavy environ-
ments. This discrepancy in performance is 
most likely due to that Cas9 typically search-
es for protospacer adjacent motif sequences 
that are present in free, no-nucleosome DNA, 
such a process is not feasible upon the nu-
cleosome surface. In contrast, ZFN inserts 
its fingertips into a major groove to recognize 
sequences while working with base-specific 
functional groups with the few short stretch-
es of base pairs that are exposed.
ashley koca
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Artificially 
produced cells 
communicate 
with each 
other
References
Yarrington, R. M., Verma, S., Schwartz, S., Trautman, J. K., & 
Carroll, D. (2018). Nucleosomes inhibit target cleavage by CRIS-
PR-Cas9 in vivo. Proceedings of the National Academy of Sciences, 
115(38), 9351-9358. doi:10.1073/pnas.1810062115
Figure 1. Dixon, Stephen. CRISPR in action [image]. Retrieved 
from https://www.broadinstitute.org/what-broad/areas-focus/
project-spotlight/questions-and-answers-about-crispr
Artificially 
produced cells 
communicate 
with each 
other
Scientists have recently been developing synthetic mi-
crotissues, or artificial systems of cells that can pro-
duce RNA and proteins. Each cell is encapsulated in 
a thin layer of fat, and metabolic cell processes occur 
within these fatty membranes. These cells have the 
ability to communicate via transmembrane protein 
channels. Through these channels, cells can send 
chemical signals to each other. These artificially pro-
duced models allow scientists to study the origin and 
evolution of life. Multicellular organisms developed 
through the communication between cells. Once cells 
began to communicate, they began to specialize in 
order to accomplish specific tasks more effectively. 
By working together and harnessing the unique ca-
pabilities of each cell, systems of cells then began to 
support life in the form of multicellular organisms. 
Scientists hope that these artificially synthesized cell 
systems will eventually serve as factories for produc-
ing specific biomolecules that can be used to make 
food or medicines. They hope to accomplish this us-
ing the advances of modern technology, like 3D print-
ers, to actually formulate the cells themselves. While 
this idea may seem extremely theoretical, it has a lot 
of potential to improve in the following decades. 
phyllis shen
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Hilbert, Gödel, and 
a Foundation for the 
Whole of Mathematics
Mathematics is constructive; it ‘tends to 
build up’. Using what is already known and 
applying reason and logic can reveal new in-
formation.  I may, for instance, use
theorem D and E to prove or disprove state-
ment F.  I do this confidently, because I know 
that my proof will hold as long as D and E are 
true (assuming my method is not flawed).  I 
know that D and E are true because I went 
through a similar process to prove their va-
lidity, perhaps utilizing theorem B and C.  At 
some point in my backpropagation, however, 
I will stumble upon a ‘first’ theorem--a state-
ment for which there are no more ‘proven 
truths’ left which I can use in a formal proof. 
Having exhausted my armory of previous-
ly-proven lemmas, I now need to do some-
thing incredibly daring if I am to prove this 
theorem: I must assume something is true, 
and use it as if it is something I know is true. 
These assumptions are my axioms--synony-
mous with ‘postulates,’ they are the most ba-
sic statements or ‘rules’ which I reason to be 
true, despite the lack of a method to prove 
them.  These axioms serve as the foundation 
for the rest of mathematics; with them, I will 
be able to prove not only B, C, D, and E, but 
a potentially infinite array of theorems (the 
known of which compose mathematics).
Aware that our understanding of mathemat-
ics is built upon a set of axioms, one might 
wonder: why not discover all the axioms and 
be done with it?  That would, after all, allow 
us to construct the most comprehensive and 
well-developed mathematical foundation 
possible.  During the foundational crisis 
of mathematics--a period in the twentieth 
century when the search for a proper foun-
dation for mathematics came under scruti-
ny--the idea of simply finding every axiom 
until everything worked seemed very allur-
ing.  German mathematician David Hilbert 
(1862-1943) became the biggest proponent of 
this idea, developing what became known 
as ‘Hilbert’s program’ in 1921 in an effort to 
ground all mathematical theories to a finite, 
provably- consistent set of axioms.  Formal-
ly, this would entail the establishment of a 
formal system whose syntax could be used 
to reconstruct all proper mathematical state-
ments, could be used to prove all true math-
ematical statements, could be proven not to 
obtain any contradictions.  Consequently, 
this would also rule out the possibility of any 
informal arguments leading to contradic-
tions (paradoxes) within the formal system. 
In a rather anticlimactic flourish, Hilbert’s 
program was brought to an end roughly ten 
years after Hilbert introduced the idea by 
Austrian-American mathematician and phi-
losopher Kurt Gödel.  Gödel published his 
findings on ‘Gödel’s incompleteness theo-
rems’ in 1931, two theorems on mathemati-
cal logic that undermine Hilbert’s program. 
Gödel had proven that any attempt to state all 
true mathematical statements within a for-
mal system would ultimately exclude some 
true mathematical statements; for instance, 
if a formal system only contained addition, 
it would be unable to state the quadratic 
formula.  If that system were strengthened 
to contain multiplication, it may be able to 
state the quadratic formula, but there will al-
ways be more advanced statements that can-
not be stated (Example courtesy of Dr. Micah 
Fogel).  Hilbert sought to prove his reasoning 
R was consistent based on principles P, but 
Gödel proved P could not even prove P to be 
consistent, let alone R.  
While numerous current lines of research 
might be seen as natural extensions of Hil-
bert’s program, Gödel’s publication of his 
two incompleteness theorems ultimately 
nullified Hilbert’s attempt to solve the foun-
dational crisis of mathematics.
matthew niemiro
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